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PROCEEDINGS OF THE FOURTH 
INTERNATIONAL SYMPOSIUM 
" ON 



PERTUSSIS 



i . + A i°* ttl M «« B 8 of the 

International Association or Biological Standardisation 
and the World Health Organization 
_ _ held at 

The Executive Board Room of the World Health Organization 
Geneva, Switzerland 
25- - 27. Sept. 1984 



«k . r , To the ™ c «?ory of Frank T. Perkins 
«^5in2°i!f J udy 0 [ 1 S ,0 ! 0 * i « an « *«ir control *ai best 
exemplified by his contributions to pertussis vaccine research 
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encodings <tf the Fourth lnnmatianat Symposium an frffmrii. 
Joint /A AS/WHO Meeting, Geneva. SvintHand. 199* 
Df*lop, Not SUudard. Vet. 61, pp. ) 87- 1 96 f$. Kaffir, Bawl IMS) 



Department of Methodology, National Institute of Public Health, 
GcicmyrBvciea 75, 0462 Oslo, Nanny 
' Department of Pharmacognosy, Institute or Pharmacy, 
University of Oslo, Norway 

PURIFICATION . 
AND PRELIMINARY CHARACTERIZATION OF 
AGGLUTINOGEN 3 FROM BOXDETELLA PERTUSSIS 

J.H. Fredrikstm, L.O. Frahptm and B.5. Pauht* ' 



ABSTRACT 

One serotype antigen, agglutinogen 3. from Berdiiwll* prmtssis* (strain 
M2, wrocype 1 J), hu Seen purified. Thi purification procedure included ace- 
tone drying or cells hweaid [torn shaking eulraiea. Agglutinogens were 

extracted in pfi asps tie buffered Saline. Crude extract vu heat treated at BO'C j 
for S rain and prccipiuud by ammonium sulphate between 25 and SDK satura- 
tion it *"C, providing 50% or the total activity aad a fWc-fold purification. Fur- 
ther purification wis attempted by gel filtration chromatography using a TSk- 
G30Q0 SW column- The ammonium sulphate precipitated fraction was also sap* 
anted by anion exchange chromatography using a Mono Q HR 3/S column. 
The purification work Indicated that agglutinogen 3 is asaoetaied with several 
other ■ubuuou aad thai this property can lead lo purification difTicwlllea. 

The iialatiob procedure was monitored by an aggltitiaation'inhtbiuoa 
essay. The peak; fraction from the ion eichange chromatography was purified 
up la 27'fold according to die specific activiiiea (Inhibition unite per rag prp- 
tein). The yield was only 1% due to severe loss of activity. 

In (he gel nitration chromatography agglutinogen J-acq>ity cluted with a 
maximum activity corresponding to a molecular Weight near 450,000. SDS- 
PAGE analysis Indicated that agglutinogen 1 might have a subunit molecular 
weight of 20,800. 



INTRODUCTION 

fourteen agglimaoeert« have been described for the genus Bardttella by other 
researchers (1.2). Eight of these have been found In B. pemai*. Agglutinogens 1-6 
arc special specific, while 7 and 13 are shared with B. parapertussis and B\ bran- 
chtxperica. In the 1960't epidemiological data were presented f3) which Indicated 
that the presence of agglutinogen i, 2 and 3 in vaccines is required for adequate 
protection against all common serotypes of epidemic strains. Thus the low efficacy 
of vaccines used in Great Britain in the late 1 950' a was claimed to be due to a defi- 
ciency In agglutinogen 3 content. Based on this, the World Health Organisation rec- 
ommends that vaccines should contain agglutinogen I. 2 and 3 (4). The role of the 
agglutinogens in immunity to whooping cough has been a subject of much discus- 
sion and investigation, but there is yet no full clarification (5). 

The term « agglutinogen » is given to the substances that react with their 
corresponding antibodies causing Mordeiclla cells to agglurinate. Agglutinogens 
have been described as membrane protein(s) with molecular weight(s) In the region 
between 10,000 and 23.000, containing some carbohydrate (6, 7). pertussis strain* 
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MATERIALS AND METHODS 
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Aertama 



preparation 
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Agglutinogen 3 from B. ptnuxsia 



Extmethm of tuifaex anilf*ni 

The e w ___ 

homogenizing with a Vorfefflia. blender ( 



Htat tnaiment e/erua> e 



The crude "(ran »u heated u HTC far 5 min and ■HrrfOied malarial removed by 
eenuffugaueit at 20,000 xg Tor 3D min. 

Ammonium nitphite prtctpitoifon 

A I *, lurEtal julphaw solution at «*C waa added to the Miprntatanl HDiil 

2S* aaru radon wundiatAftirtt sua or men the pndpiiaxe was removed by ccnirifaia- 



7' ™ T . u mlQ Qr , morT1 u,c P"«pii*ie was removed by ecninruga- 

uoa (20.000 u for M min). Than the ammonium sulphate eoneeniration wu increased u 60* 
saturation. The predpicata w eolloeud by can irt filiation again, and dueolved io PBS diluted 
1 : 5 in dbdlled waier. Insoluble material waa removed by centrifugadon as above. Thu frac- 
tion is colled the 25-60* fracrioq in the fol towing. 



Cmt/iitmifam duvm/negrvpby \ 

i ii. ^fcv^^'t*^? 22? ft T aicn »i Bd ■efionfinj to molecular weight en a LKB 2135 J 
UltroPaeSTSKOal MB SW column (7 J x 300 mm), combined «ilh 7T5K-OSWP pre- 

eolunuL The cluuon buffer m 50 mM pheapbaie with 0.1 M NaCL pH p.7. and ihc tat. * 
q.5 mi/tDio. r 



cytochrome e (MW : 12,500), (Combiner® from Boehringer h 

2000 (mean MW : 2,000.000) was used to determine ibt void volume (Pharmacia Pine Chemi- 
cal*. Up] — r ' — ■— » 



Dvsmhing and ^iffer^xthamgt 

Before ion eaehaflee dirematography (he 23-60% fraction *ai dlalyaed against 10 mM 
ammonium , hydrogen carjtwaiewrih Speexmporc (Los Angeles, USA) dialysis tubing (cui off 
12,000), and utan freeze dried. The sample waa then dissolved in 30 mM dfetbsnolamlne, P H 

pve filicn (MIH ip ore, MofiBdm Francs). Ion exchange fractions were dcullcdby uaina 
Sanonus (Gfiuingcn, F*G) collodion bajs 132 00 E. ' ^ 

/en ttxthangt e*romaiogmpkj 

£Z PfT Ck ^ •n«'»-« e ftanB« celunn. Mono Q HJL S/sQ«d eFPLC*«uipment 
(P»tt Protein Liquid Chromatography) wu from Pharmacia FJfie Chemicals (Uppeala, 
Sweden^ 



The bufTer .ystem Used wu SO mM diethanolamine, pH 8.6, *jth a gradient or Increa- 
sing NaCI eencentratton up to 0J5 M NaCI and ■ now rate or I ml/min. The equiament 
allowed the slope to be cnanged. At the end of the chromatography strongly retarded tub- 
stances mot cluecl with, several iiyoaiooi of 04 nil 2 M NaCl" 



A El»rUd Protean^ Dual alab cell was uaed Tor SDS-polyaerylamide eleetrophore- 
,b > The dbcoadnuoiu bufT«r«»y«.tt waa uaed (19). Fifteen pet cent aerylamide In US mm 
IT" ""^ . r « ''Pl?^"? S d » <»» d *^ «n th* lUckJng geli). The geU -ere stained 
with &[% Coomauie Brilliaat Blue R-250 (201 The following naiiard wote&i, were uaed "or 

v — 1 " ' ■ (MW -. 67,0001 

r(Mw : 20.100) 

lennaeia, UppHla Sweden). 



-no u,iw kimniim pnniw oiuc k-zxi \jo\ tbc tbUowing tundard Droieini 
molecuUr weighi dnerminanoo : § Phoaphorylaae A (MWrKOOO). albumin t 
ovalbumin (MW : 43,000), carbonie anhydmc (MW : 30.0TJ01 Livpnn inhibitor 
and a-Uoalbumln (M* . l*,«nDJ, (LMW Calibration KAt, lieTw^a, UnmU 
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Agglutinogen 3 from * ptrnusis 
Table 1. Purification of agglutlnpgen 3 




191 




«?U«B HaeiU Aekivlcy 

(■I) <ag/al) ClnU/Bflalo ) 


3 

(Xo0/qi pnt.no ) 


tl«ld Hi 
(») 


irlflaBClan 




195 3-9 3.2 


0.? 


10D 




tear treat* 
strict 


305 8-» 3.2 


1-3 


IBB 


1.* 




IS 10.68 91.2 


9 


S3 


5 




0.03 0-8 


BT 


1 


rr 



• ExiT»ppl«»d frdm *« 0.5 ml which was 



actually fractionated in thii 9Xj*rimenL 



-rcKj-^oDD SW column Uaing a Sephacryl S-200 gal (approximately exclusion 

as Tar the analytical column). 

Fractionation with use of a Mono Q-wien exchange column also 
«^«. ration difficulties Fib- 2 shows a typical efaromatafram from an anion 
SS^«DaMXn%w tcdvi ty i„ the O S ml desalted 26-60* fraction applied 
S?™¥ Tit nUi aid to protein -mount was Smg. Attluunoaen 3-.tt v.iy 
line) was found in two major peak, both with an act.v«y o? SOOlhUytn 
ST I so at a'level of 200 or 100 InU/mlW most of the f^gSSJl^Sa 
a^ivliy peak cme In mlwure wiih other non-retarded ™**^**^Jgf£: 
no«n 3-aetivity cluted with maximum specific aexivliy near 0,06 M This sec- 
ond activity peak appeared slightly before a distinct protein peak. The iwt of die 
SSroed aihitinog'ers.aaiviiy seemed « follow th« main f">™ 
tv« mcrivitT oeak fraction had a specific actiyiry of 2.7 « 10- InU/mg protein, 
™hic ^ g v«7 .5 'f^ld puXatSri a*b»« W* The total yield was 1%. Anion eachange 
ehmml ography was also attempted at pH 9.2 but this higher pH •A»aM». 
gram whe're The aetiviiy peak in the void was the same, whl e the retarded I aggluti- 
nogen 3-actlviiy peak was more retarded and more contaminated with other com- 
ponents. ^ SDS-PAGE patterns from different steps in the purification 
Droceaure, Whole cells, crude ertraet, heal treate4 eatracx and the two ammonium 
E?ph«e precipiuwd fractions show Complea p-ti.m> of 30-SO b«,d* (lanes !■*). 
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Agglutinogen 3 From S. ptrtuuis 



Fq.J. SDS-PAQE separation or 
material Tram dilTcrant steps in the 
puriflcation of agglutinogen 3. 
Sample loads In inediflerent lane* 
given in parenthesis. Lane I, 
whole cells (lu)i lane 2, crude 
extract (16 ug) : lane 2. heat mat- 
ed Miner (7«>; lane « v precipi- 
tate at 25% siltirued ammonium 
sulphate (7 ug) ; lane S, precipitate 
between 2S-6W 



(23 ug) : lane 7. activity pert from 
anion exchange fractionation 
(i Ut) *. lane B, standard proteins 
(sac materials and methods}. 




123456 7 8 



The amount or protein applied varied from 3 to 23 tig (see legend. Fig. 3). There are 
no striking differences between the patterns in lanes 1-6. Lane 7 which contains 
agglutinogen 3 after anion etehangc fractionation shows one major band with a 
molecular weight of 20,100. Some additional weak bands Were seen in the 10,000 
and 30,000 molecular weight regions. 



DISCUSSION 

The investigation presented in this paper illustrates factors which are import- 
ant for purifying agglutinogen 3 and deal with the exact nature of this substance. 
The preparation of an acetone 1 powder of bacteria proved a good starting material 
for preparing agglutinogen 3 containing extracts. In this form the biomais is easily 



the purification procedure. The simple extraction procedure described gives a high 
yield of agglutinogen 3 in the crude extract. Our preparation procedure differs from 
the method of others (7,22) who used mechanical disintegration, a method reported 
to be gentle and perhaps more suitable for several kinds of substances from i. aer- 
rutiis cells. 
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also ™5L^e£«\«lS?^£?f^ y " *?" ? « ch "? e chromatography, 

riot i 110 *™ J 18 ■ MOC «««*- "verat substances. Gel flfoi- 

« Jm^uTi! ^"w" 1 " 0,u ^»JP i r»P«B« or agglutinogen 3-activiiy corresponded 

oSly ^^o« B y 1^2^^"?'' ° f »W»«*n Properties reported pVevl- 
*ork^vWR w f . J Id n t l mov ^ ,n lht * 19 ™ b 'P tf electrophoresis Jsed b, other 
322? ( H J observed that seven) factions from a 5ephacryf S-jfi 

*uh previous reports (6, Ij). but its Ideality would have w be verified £ uaarf.** 
eiflc immunological techniques or Tunher puriAation * P 

This b3ufn!¥ZL°/ P - l nC,lti f n ° f M?' 1 "*"***" 3 Is probably greater than 27-fold. 
TheW was litt^trS •f* M P chromaiogram andV slab-gel results. 

1.SSSu^ »n SDS-PAGE there «u just one major band left. The aggluti- 
aSuu'no™ m '*V°. 1 * ive a «■« Purified IraTOon/Sncc 

aggluunogen 3 aggregates and this may result in fewer exposed reactive sites. 

un m «^2Si , Sfu PUrille * ti0 ^ <le P 8 *? w the """"oniura sulphate precipitation were 
S«^^hr£sZ!S te r ; eV f Io P in « a P'«P™ive procedure. Lmeuseful I info" 
obi!™ if ? c^K"' " ° f a « ,UHn °8en 3 Were obtained which can lead to de*el- 
thiToaBe, -L3 St »Hf t .'' C€ t? r ? Wilh •° od yie,d ' ^ P«c*dure a8 reported in 

dfnxted a 8 hJd«« u ISS^ n ° b, v, r aftd - other At present we have not 

cSSed ™? P"*l«5* «* "«de extracts and ammonium sulphate pre- 
, 1 ™» be due to protecting substances with which agaluti- 
to Suire SeSS-'?' 1 '' 1 ' ^ the purificaHonTeems 

mrSod whiS S ..^ "i* T" 1 0f P°" Ibi 'y • determent. besides indicating 
JSSSL^t r?S W . d «^P menl of - »e«er purification procedure Fof 
-S^HSus^ demonstrates problems which arise Shen working 



ACKNOWLEDGEMENTS 
Oslo fI? B 2Lr,a 4 AVS h !!l f ^! r «I l 'r. ,tri,,iM WoW - ,nsliluw * r Pharmacy Unl*«rsl«y *>f 

I>pait]?/J n : C NfS!" N«k^ nfld by 8 ['2 18 ' hjm Di '«»or.i. «,r Health Pharmaceutic 
KCSI if y " «rm.«utiak S«l.kapi Silpcndl.fond. Put^rkgaiei and the 



n/M "d C90T °N 



SENT BY:SIMBAS 



Agglutinogen 3 from R partuuLs 



REFERENCES 



l . Andersen E.R. Serologic*] studies on M. prrtuiiii, H- parmpertvuU end H. knmdkiuprtns, 
Aon. Path. Microbiol. Sand. 1953 ; 33 i 202-204. 
•2. Eldering O.. Hombeck C, Baker J. Serological studies of BmrdtrtBa aw-muvif and related 
specie*. J. Baa. I9S7 ; 74: 133* I J*. 



4. World Health Organization. Eapert Committee on Biological Standardisation. Require- 
menu Tor pertussis vaccine. Thirtieth Report. WHO. Tec. Rep. $er. no 63B. Geneva ?97» ; 

5. Werdlaw A.C^ Parton R. Pernuiii vaccine. In : Easmon CS.F. and Jeljasaewia J,. rdi_ 
Medical Microbiology. London : Acad. Pros 1983 : 2 : 207.2S3. 

6. Zakharov* M.S. Theoretical outlines an the preparation of a noncellular pertvuii -ae- 
cine. In : Mandlrk C.R.. Hill J.C_ edi. Internationa] Symposium on Pertussis. Washing- 
ton DC : US DHEW publ. no (NIH) 79- 1 S3 0. 1979 : 320-326. 

7. No*omy P.. Cewnly K.. Efleci or growth conditions on the oampositidn and stability or 
the outer membrane or Bordwtwti* pwmtsU In: Man dark C.H. Hilt SC. cds. Interna- 
tional Symposium on Pertussis., Washington DC: USDHW Publ. no (NIH) 19-1830. 
1979 : 99-123. 

8. Munoz J J., Bergman R.R. Barimttm pamuit: Immunological and other biological activ- 
ities. In : Rose N., od. Immunological series. New York : Marcel Dekkcr, 1977 ; 4. 

°' » no ! ,e £- K^***? M- T8raMnurn Y. Chemical studies on cellular cortiprjnenu or 

Bofdeidla pertussis. J. Baa. 196 1 ; 82 : 628456. 
10. Nakaje Y.. Kaaun T. Purified ^agglutinogen or AW«W/o ptmaris and is properties. 

Jpn J. microbial. 197 1 ; IS : 247-256. ri- 
ll. Dcnisova T p., Obtaining highly purified B, pertussis agglutinogen. Zh. MLierobioi. 

Epidemiol. Immunol. 1969 ; (5) : 97-101. 
12. Zulina LV., Zokharova M.S., Bagdunvora I. P. Obtaining and chemical charirtorntia of 

•MJurinog«i with the properties of factor 3. Zh. Microbiol. Epidemiol. Immunol. 1972: 

I J. A*hwonh UAE., Irons Ui., Dowictt a.B. Antigenic relationship between serotype^- 
?278 | * an n,nbri * c of pernast*. Infect. Immun. I9§2; 37: 

14. Carter EJ., Preston N.W. Association between 6WerW/a (xrtvssii agglutinogen 2 and 
fimbriae. J. Med. Microbiol. (984 ; 1 8 : 87-94. 

15. Harbo* Ingild A> Immunisation, isolation of immunoglobulins* estimation of anti- 
body t tre.1 la : Atclstn N.H., Rrall J. and Weeke B., eds. Quantitative Immunoelectro- 
phoresis. Oslo : Unlvenntcurorlaget. 1973 ; 161-169. 

16. Craven D-E-, Frash C.E.. Robbini J.B., Feldman H.A. Serogreup Identification of Htiue- 
na mtnlngUtdis : Comparison of an antiserum agar method with bacterial slide agglutina- 
tion. J. CUn. Microbiol. 1978 : 7 : 410-41*. 

17. Lothc R.A.. Fmholm L.O., Weatre G., Rjcruurud U. Stainer and Seholie's pertussis 
medium with an alternative buffer. J. Biol. Stand. I9B4 ; 13 : 

18. Cslter Z., Summet H., Niedcrmaycr N.N., Zsidai J., Auber E-. Job I. Estimation or bacw- 
"^"wS-S?"* 515 v * ecin ^ Dy B P»cUy and dry weight determination. J. Biol. Stand. 

19. Laemmli U.K. Cleavage of Biruciual proteins during the aasembly ©r the head of bacterio- 
phage 74. Nature 1970 ; 227 : 6*0-685, 

20. Nicolas R.H Goodwin O.H. In: John* E.W.. cd. The HMO chromosomal proteins. 
Acad. Press 1982 ; 4|-68. 

21. SchafTner W Weieimann C, A rapid. sensitive, and specific method for determination or 
protein in dilute solution. Anal. Biochem. 1973 : S6 : 502*514. 



EI/21 'i £901 ' n N 



SENT BYiSIMBAS 




; 3:24PM ; 



196 ^ JH - F*«iBk«m LO. Ffholm ,„d B.S. Piulun 



22 ' mS%*;£igt ™* 4Uinte «™ ** ™~ »u n„ w 



.CI/EI "d E90 1 'om 



